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INTRODUCTION 


A . Statement  of  the  Problem: 

Photographic  print  resolution  until  recent  years, 
was  considered  only  as  the  sequence  of  the  photographic 
process.  However,  with  the  increased  dependence  of 
military  campaigns  upon  photographic  reconnaissance, 
the  need  for  investigating  photographic  print  resolu- 
tion, independent  of  negative  resolution,  was  apparent. 

A small  amount  of  work  was  done  during  the  war  on  the 
various  phases  of  this  problem,  but  because  it  was 
still  relegated  to  a minor  role,  the  results  were 
scattered  and  inconclusive.  This  thesis  is  then  an 
attempt  to  determine  the  fundamental  problems  involved 
in  print  resolution. 

3 . Resolving  Power  of  Photographic  Materials: 

Photographic  resolving  power,  according  to  Huse'1' 
is  defined  as  the  distance  by  which  two  minute  images, 
lying  adjacent  to  one  another,  are  just  separated  in 
the  developed  plate.  In  the  judgment  of  the  separation 
it  is  assumed  that  the  image  is  so  viewed  as  to  be  well 
within  the  resolving  power  of  the  eye,  and  also  not 
magnified  to  an  extent  that  will  make  the  individual 
silver  grains  more  apparent  than  their  groupings. 

The  resolving  power  is  a function  of  the  following 
quantities:  The  turbidity,  gamma  (i.e.  the  slope  of  the 

straight-line  portion  of  the  D log  E curve) , visual 
resolution  and  lightness  ratio  of  the  test-object. 


1.  Huse.  K..  "Photographic  Resolving  Power",  J.O.S.A. 


p.119,  1917 
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III. 

2 

Ross  attempted  to  link  together  the  relevent  properties 
and  arrived  at  the  formula:  R= KV?  a+bd2  where  R is 

the  resolving  power  in  l/mm,  the  slope  of  the 

characteristic,  d the  grain  diameter,  K the  scattering 
constant  as  derived  from  the  illumination  intensity 

- K t 

equation,  I=I0€  , and  a+b  empirical  constants.  This 

formula  was  not  satisfactory,  since  graininess  and  not 

3 

grain  size  was  involved.  Frieser  and  Links  did  succeed 
in  proving  that  the  just  discernible  density  difference 
between  light  and  dark  lines  in  the  negative  depended 
upon  the  grain  size  of  the  negative  emulsion,  but  even 
with  this  evidence  the  determination  of  the  resolving 
power  as  a function  of  the  properties  of  the  emulsion 
could  not  be  established  with  any  precision.  A mass 
of  information  has  been  collected  relating  resolving 
power  to  exposure,  wave-length,  time  of  development, 
constitution  of  developer,  type  of  test  object,  con- 
trast, and  emulsion  properties. 

C.  Determination  of  Processing  Procedure: 

By  reason  of  the  problem,  a processing  system 

had  to  be  set-up  which  could  be  adapted  for  ordinary 

and  large  scale  production  of  prints.  With  this  and 

the  recommended  processing  periods  of  time  in  mind, 

the  following  system  was  set-up. 

Developer:  Eastman  Kodak  D-72  — 1 min.  at  68°F 
Short  Stop  Bath:  Kodak  SB-1  — 30  sec. 

Hypo:  -----------  — 15  min. 

Wash:  - --  --  --  --  --  — 1 hr.  cont.  asitati.cn 

Dry:  -----------  — Pako  drier  at  15Q°F 

(total  time  8^  rain) 

2.  Ross.  ’’Physics  of  the  Developed  Photographic  Image” 
Astro.  Phys.  J.  52,  p.  201,  -1920 

3.  Frieser  & Links.  ”Zeits.  f.  Wiss.  Phot.  37.  d.19. 
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The  safelights  employed  with  each  paper  used  was  as 
recommended  by  the  manufacturer. 

Determination  of  Variables  and  Results; 

Since  the  number  of  variables  were  too  numerous 
to  be  evaluated,  it  was  decided  that  this  work  would 
be  limited  to  the  basic  variables. 

The  first  problem  in  this  connection  was  to  de- 
termine the  best  type  of  light  source.  Four  types  of 
printers,  all  involving  different  principles  were  em- 
ployed: the  Army  Printers  A-ll  and  A-14,  both  approxi- 

mating 100$  diffuse  light;  the  Eastman  Kodak  Studio 
Printer,  used  without  diffusing  glass,  giving  fair 
point  source  illumination;  the  Edgerton  Flash  Unit 
with  a printing  frame,  yielding  highly  directional 
light;  and  a laboratory  printer,  yielding  incident 
light  of  a maximum  angle  of  0.31°. 

The  experimental  results  show  that  the  closer 
we  approach  either  parallel  or  point  source  illumina- 
tion, the  higher  the  value  of  resolution. 

The  second  problem,  logically,  is  a comparison 
of  the  maximum  resolution  of  chloride  and  bromide 
papers.  This  was  done  in  all  contrasts  on  glossy  and 
semi  matte.  In  addition,  a multicontrast  glossy  paper 
was  used. 

Employed  in  the  tests  were  Azo  and  Velox  Contact 
Printing  Papers,  Kodabromide  Enlarging  Paper,  and 
Varigam  Multicontrast  Enlarging  and  Printing  Paper.  The 
results  of  the  tests  show  that  of  all  the  papers  used, 
Varigam,  when  used  without  a filter,  gave  the  best  re- 
sults. In  the  comparison  between  semi-matte  and  glossy 
papers,  it  was  found  that  semi-matte  gave  a higher 
average  maximum  resolution.  The  Bromide  paper  was 
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found  to  record  a higher  resolution  than  the  chloride 
in  all  cases,  while  Grade  2 Paper  was  found  to  give  the 
highest  average  resolution  of  all  the  grades  of  paper. 

The  third  and  last  of  the  basic  problems  to  be 
considered  was  the  effect  of  pressure  on  photographic 
print  resolution.  A set  of  conditions  were  taken  from 
the  tests  of  the  previous  problem  at  random  and  prints 
were  made  with  increasing  pressure.  The  resulting  curve 
proved  to  be  asyrrptotic  leveling  off  at  a maximum  value 
of  80  1/mm  at  a pressure  of  51bs/sq.in. 

By  the  use  of  the  original  constants  and  the  in- 
corporation of  these  experimental  results,  the  way  is 
now  cleared  for  further  detailed  study  of  the  problem 
of  photographic  print  resolution. 
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CHAPTER  I 

A.  Statement  of  the  Problem: 

1.  The  effect  of  Source  on  the  Resolution  of  photo- 
graphic printing  paper. 

2.  A comparison  of  the  Army  A-ll  and  A-14  contact 
printers . 

B . Experimental  Procedure: 


1.  Materials 

a)  Test  ob.ject: 

The  negative  used  in  this  work  was  a U.S.  Army 
test  object  of  infinite  contrast  and  maximum 
resolution  of  200  l/mm.  (See  Appendix  A) 

b)  Positive  Material: 

The  positive  material  used  in  this  test  was 
Azo  paper.  Grades  0-5,  glossy,  smooth,  white. 

2.  Processing  Procedure  for  Entire  Research 

a)  Developer  used  was  D-72  diluted  one  part  stock 
to  two  parts  water. 

1.  The  first  four  prints  developed  in  the  fresh 
solution  were  discarded. 

2.  Only  fifty  prints  were  developed  in  each 
quantity  of  developer. 

3.  Each  print  was  agitated  throughout  the  period 
of  development. 

4.  Each  print  was  developed  for  one  minute  at 
67-71°  F. 

5.  All  prints  on  Azo  paper  were  developed  under 
a series  0-0  Wratten  safelight. 

6.  All  prints  on  Bromide  paper  were  developed 
under  a series  0A  Wratten  safelight. 

7.  All  prints  on  Varigam  paper  were  developed 
under  a series  3 Wratten  safelight. 
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2. 


b)  All  prints  were  immersed  in  short  stop  bath 
Kodak  SB-1  for  thirty  seconds. 

c)  All  prints  were  fixed  in  hypo  for  15  minutes. 

d)  All  prints  were  washed  for  one  hour  with  con- 
tinuous agitation  from  Kodak  tray  syphon. 

e)  All  prints  dried  on  Pako  Drier  without  any  gloss 
treatment  at  150°F  over  time  period  of  8^  min. 

f)  All  matte  prints  dried  on  Pako  Drier  without 
gloss  treatment,  face  down  at  200°F  over  time 
period  of  8^  min. 

3 . Discussion  of  Experiments 

a)  Army  A-14  Printer: 

1.  Description  - The  printer  handles  negatives 
up  to  9x18  inches  and  is  equipped  with  Argon 
lights.  The  light  is  spread  out  evenly 
through  a piece  of  frosted  glass.  A pneu- 
matic rubber  bag,  which  is  instrumental  in 
eliminating  air  pockets,  provides  uniform 
contact  between  the  negative  material,  the 
sensitized  paper  and  the  negative  glass. 

The  time  of  exposure  was  controlled  by  a 
professional-type  electronic  timer. 

2.  Prints  were  made  on  Azo  Paper,  glossy,  white, 
smooth.  Grades  o-5  inclusive. 

3.  Processing  was  carried  out  as  outlined. 

4-  Pressure  was  considered  equal  to  zero. 

b)  Army  A-ll  Printer: 

1.  Description  - The  printer  handles  negatives 
up  to  9x9  inches  and  is  equipped  with  Argon 
lights.  The  light  is  spread  out  evenly  through 
a piece  of  frosted  glass.  A pneumatic  rubber 
bag,  which  is  instrumental  in  eliminating  air 
pockets,  provides  uniform  contact  between  the 
negative  material,  the  sensitized  paper  and 
the  frosted  glass.  The  time  of  exposure  was 
controlled  by  a professional  type  electronic 
timer . 
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Figure  8 — Exploded  View — Main  Assemblies 


KEY  TO  FIGURE  8 


Index  No. 

Name 

Index  No. 

Name 

1 

Box  assembly 

10 

Clip 

2 

(.'rank  bracket  assembly 

1 1 

Rear  tension  spring 

3 

Spool  bracket  assembly 

12 

Rear  spring  support  bottom  rod 

4 

Diffusion  glass 

n 

Electric  plug 

5 

Printing  glass 

14 

Cord 

6 

Clip 

15 

2-polc  receptacle 

7 

Rear  lid  support  rod 

16 

Extension  cord  assembly 

8 

Lid  assembly 

17 

Spool  bracket  assembly 

9 

Rear  spring  support  top  rod 

IS 

( rank  bracket  assembly 

( 


KEY  TO  FIGURE  13 


Figure  9— A-II  Printer  Without  Lovorlid  and  Ud  Attombly 


KEY  TO  FIGURE  9 


Index 

No.  Nomenclature 

1 Glass — Printing 

2 Glass  Assembly — Diffusing 

3 Shutter 

4 Receptacle— Recessed,  three-pole,  male 

5 Screw  — Flathead,  No.  6x%-in. 

6 Bearing — Angle 

7 Spool  Assembly  — Bracket,  left 

8 Cover — Ventilator 

9 Screw  — Roundhead,  No.  lOxI-in. 

10  Screw — Machine 

1 1 Switch — Micro 

1 2 Pin — Cotter 

13  Screw — Roundhead,  No.  6x%-in. 


Index 

No. 

Nomenclature 

14 

Panel  Assembly — Switch 

15 

Screw  — Recessed  No.  4x'/2'>n- 

16 

Roller 

17 

Bearing — Needle 

18 

Pin — Flathead 

19 

Casting — Housing 

20 

Box  Assembly — Wood 

21 

Light  Assembly — Base 

22 

Spool  Assembly  — Bracket,  right  roller 

23 

Roller 

24 

Receptacle  — Recessed,  two-pole,  male 

25 

Track  — Upper  and  sign 

26 

Track — Lower 

Figure  12  — Wiring  Diagram  for  A-ll  Printer 
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Prints  were  made  on  Azo  Paper,  glossy,  white, 
smooth.  Grades  0-5  inclusive. 

3.  Processing  was  carried  out  as  outlined. 

4.  Pressure  was  considered  equal  to  zero. 

Kodak  Studio  Printer: 

1.  Description  - The  printer  uses  a strong 
single  concentrated  light  source  which  is 
projected  to  the  negative  in  a narrow  cone 
without  diffusion.  The  light  is  projected 
through  the  negative  by  reflection  from  a 
parabolic  mirror.  The  light  source  was  a 
250  watt  projection  bulb.  The  pressure  plate 
consists  of  small  rubber  pegs  molded  in  a 
solid  sheet  of  translucent  rubber,  backed 

up  with  heavy  cellulose  acetate  attached  to 
metal  plates. 

2.  Prints  were  made  on  Azo  Paper,  glossy,  wrhite, 
smooth.  Grades  0-5  inclusive. 

3.  Processing  was  carried  out  as  outlined. 

4*  Pressure  was  considered  zero,  which  was 

facilitated  by  removing  the  pressure  springs. 

Laboratory  Point  Source Pri nter : 

1.  Description  - The  printer  consisted  of  two 
five  foot  long  rectangles,  one  of  which 
fitted  into  the  other.  The  top  was  covered 
with  a piece  of  f”  plate  glass.  A heavy 
piece  of  steel  was  used  as  the  pressure  plate 
with  a piece  of  masonite  separating  the  steel 
and  the  positive  material  to  insure  even 
pressure  over  the  entire  area.  The  lower  end 
of  the  top  half  was  fitted  with  various  aper- 
tures to  control  the  amount  of  light  passing 
through  to  the  negative.  The  sources  used  in 
this  setup  included:  a 300  watt  projection 

bulb;  a 100  watt  frosted  bulb;  and  the 
Edgerton  flash  unit. 

. Prints  were  made  on  Azo  Paper  - glossy,  white, 
smooth,  and  Kodabroraide  - glossy,  white, 
smooth. 
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3.  Processing  was  carried  out  as  outlined. 

4.  Description  of  tests. 

(a)  The  first  tests  were  made  with  the 
Edgerton  flash  unit  on  Azo  F-l  printing 
paper,  using  a aperture  covered  v/ith  a 
piece  of  ground  glass.  The  distance  from 
the  pinhole  to  the  negative  material  was 
five  feet  and  the  distance  from  the  top  of 
the  bulb  to  the  pinhole  2^"  giving  a total 
distance  of  five  feet  2.5". 

(b)  In  the  next  set  of  tests,  the  aperture 
was  increased  to  1"  and  the  ground  glass  re- 
moved. Exposures  were  made  with  the  Edgerton 
Flash  Unit,  100  watt  frosted  bulb,  and  a 

300  watt  projection  bulb  on  Azo  F-l  and  F-5 
printing  paper.  The  distances  from  top  of 
source  to  glass  were  as  follows:  Edgerton 

Unit  5* f 2.5";  100  watt  frosted  bulb  5’,  5.75”; 

300  watt  projection  bulb  5’,  3.5". 

(c)  In  the  next  test  the  aperture  was  re- 
duced to  3/32"  and  exposures  of  long  duration 
made  with  the  100  watt  frosted  bulb  on  Azo  F-l 
Printing  Paper. 

(d)  A column  of  brass  five  feet  long  and 
9/16"  in  diameter,  painted  flat  black  inside, 
was  then  mounted  in  the  upper  half  of  the 
printer.  A 3/32"  aperture  was  used  with  a 
300  watt  projection  bulb  and  exposures  were 
made  on  Kodabromide  F-l  enlarging  paper. 

(e)  The  aperture  was  then  reduced  to  .0135" 
in  diameter  and  exposures  were  made  on 
Kodabromide  F-l  enlarging  paper  with  a 300 
watt  projection  bulb  through  the  five  foot 
collimator . 

(f)  The  aperture  was  then  increased  to  3/32" 
in  diameter  and  exposures  were  made  on  Azo  F-l 
printing  paper  with  a 300  watt  projection 
bulb  through  the  five  foot  column. 

(g)  The  final  tests  involved  a .0135"  aper- 
ture with  the  five  foot  column.  Exposures 
were  made  on  Kodabromide  F-l  enlarging  paper 
with  a 300  watt  projection  bulb. 
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. The  pressure  on  the  test  object  and  sensi- 
tized paper  was  calculated  as  follows: 

Total  weight  of  steel 
and  masonite 

Total  area  of  test 
object 

Calculated  pressure 
per  square  in. 

e ) Edgerton Flash  Unit : 

1 . Description 

(a)  Flash  Unit  Operation:  Line  voltage  of 

120  V.,  A.C.,  is  stepped  up  to  an  ft.M.S. 
value  of  1650  volts,  which  is  rectified  and 
applied  to  the  discharge  condenser,  giving  a 
direct  voltage  of  about  2000  V.  This  voltage 
is  also  applied  directly  across  the  flash 
lamp.  When  the  trip  switch  is  thrown,  posi- 
tive voltage  is  applied  to  the  screen  grid 

of  the  tube  (Strobotron) , causing  a pulse 
of  cathode  current.  Cathode  voltage  rises 
in  a positive  direction,  discharging  the  .01 
MFD  condensor  through  the  spark  coil.  The 
intense  electric  field  produced  in  the  gas 
of  the  flash  lamp  by  the  secondary  winding 
of  the  coil  ionizes  the  gas,  allowing  the 
main  dishharge  condensor  to  discharge  through 
the  flash  lamp.  The  system  will  then  re- 
main inoperative  until  the  main  discharge 
condensor  has  had  time  to  charge  again. 

(b)  The  Flash  Lamp;  It  is  a five  turn 
helix  of  quartz  tubing  provided  with  two 
electrodes  and  filled  with  Xenon  gas.  The 
source  size  is  approximately  1 and  3/16” 
by  1 and  5/S”. 

(c)  Characteristics: 

Operating  volts  (DC)  = 2000  volts 

Maximum  capacity  at 
recommended  operating 
voltage 


= 5.25  lbs. 

= (3x4”)  12  sq.  in. 
= .4375  per  sq.  in. 


100  microfarads 
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Maximum  energy  input  at 
recommended  operating 
voltage 


= 200  watt  /seconds 
=8000  lumen  - 


Lumen  output  per  flash 


(approx,  seconds 


2.  Prints  were  made  on  Azo  paper,  glossy,  white, 
smooth.  Grades  0-5  inclusive. 

3.  Processing  was  carried  out  as  outlined. 

4.  The  pressure  was  calculated  as  follows: 
weights  were  supported  on  one  end  of  one 
pressure  strap  until  it  just  started  to 
pull  away  from  the  circular  disk  holding 
it  down.  These  weights  were  then  weighed 
and  the  value  multiplied  by  two,  since  each 
strap  acted  on  two  sides  of  each  half  of 
the  printing  frame.  This  value  was  taken 
as  the  total  pressure  because  the  negative 
was  mounted  in  only  one-half  of  the  printing 
frame . 

Total  value  of  weights  = lbs. 

Total  pressure  on  \ of 

frame  = 35  lbs. 

Total  area  of  test  object  =(3x4)  12  sq.  in. 

Calculated  pressure  per 


sq.  inch 


= 35/12  =2.917  P.S.I 
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POINT  SOURCE  PRINTER 

_ EQUIPMENT  USED  IN  POINTSOURCE 
1 TESTS  WITH  EDG  ER.TON  LAMP. 


PRESSURE  PLATE 
MASONITE 
PHOTOGRAPHIC  PAPER 
GLASS  NEGATIVE 


COLUMN 


ii  HOLE  IN 
MASONITE 


EDGERTON  LAMP  UNIT 


BOSTON  UNIVERSITY 

OPTICAL  RESEARCH  LABORATORY 
JANUARY  NINETEEN  FORTY  SEVEN 
SYLVIA  MAYE.R. 


c.  TABLE  QF  RESULTS 


(2)  A-ll  Printer  - (Average  of  5 observers) 


Paper  Grade 


Exposure  Time 
(Seconds) 


Resolution 
(Reflection)  1/mm, 


1 

22.60 

2 

25.20 

4 

25.20 

5 

25.20 

6 

31.75 

7 

40.00 

8 

31.75 

9 

31.75 

JO 

29.57 

12 

18.97 

.2 

25.20 

it 

n 

31.75 

1 

25.20 

2 

23.90 

4 

20.00 

8 

15.87 

12 

13.42 

.2 

25.20 

1 

2 

33.85 

1 

25.20 

2 

25.20 

4 

23.90 

8 

7.94 

12 

7.53 

.2 

30.11 

1 

2 

31.75 

1 

25.20 

2 

23.90 

4 

12.77 

8 

10.00 

12 

7.53 

;2 

12.60 

1 

2 

31.75 

2 

25.20 

3 

25.20 

4 

25.20 

8 

19.24 

12 

7.53 

1 

2 

14.24 

1 

15.87 

o 

jC 

20.00 
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A-ll  Printer  - (Continued) 


Paper  Grade 

5 


Exposure  Time 
(Seconds) 


Resolution 
(Reflection)  l/mm . 


3 

5 

6 
8 

12 


33.81 

33.81 

40.00 

26.84 

11.44 


RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


RESOLUTION-TIME  CHARTS 

CURVES  OF  TESTS  ON  AZO  PAPER, 
GRADES  0-5,  WITH  ARMY  A-ll  PRINTER. 


GRADE  0 GRADE  I GRADE  2 


GRADE  3 GRADE  4 GRADE  5 


(l)  A-14  Printer  - (Average  of  5 observers) 


Paper  Grade 
0 

1 

2 

3 

4 


Exposure  Time  Resolution 

(Seconds)  (Reflection)  1/mm. 


1 

30.11 

2 

40.00 

4 

40.00 

5 

31.73 

6 

27.38 

7 

21.73 

12 

20.00 

1 

28.48 

2 

42.60 

4 

31.75 

8 

15.87 

12 

10.00 

.2 

30.11 

1 

2 

42.60 

1 

33.81 

2 

30.11 

4 

15.05 

8 

7.94 

12 

7.94 

2 

35.88 

1 

40.00 

2 

28.48 

4 

10.65 

8 

10.65 

12 

7.12 

.2 

21.30 

1 

2 

25.20 

1 

42.60 

2 

47.79 

4 

11.30 

8 

6.30 

12 

5.32 

9 4 

7.12 

1 

2 

22 . 60 

1 

31.75 

2 

40.00 

4 

45.20 

8 

15.05 

12 

10.00 
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RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


RESOLUTION-TIME  CHARTS 

CURVES  OF  TESTS  ON  AZO  PAPER, 
GRADES  0-5,  WITH  ARMY  A-14  PRINTER. 


TIME  OF  EXPOSURE  IN  SECONDS 


GRADE  0 


GRADE  I 


GRADE  2 


TIME  OF  EXPOSURE  IN  SECONDS 


GRADE  3 GRADE  4 GRADE  5 


10. 


(3)  Kodak  Printer  - (Average  of  5 observers) 
Paper  Grade  E> 


0 


4 


sure  Time 
econds) 

Resolution 
(Reflection)  1/mm 

1 

40.00 

2 

53.66 

4 

60.22 

5 

63.49 

6 

63.49 

7 

79.99 

8 

56.94 

12 

50.39 

1 

50.39 

2 

56.94 

4 

67.62 

5 

79.99 

6 

79.99 

7 

79.99 

8 

63.49 

12 

42.60 

1 

40.00 

2 

50.39 

4 

63.49 

7 

79.99 

8 

71.74 

12 

63.49 

1 

40.00 

2 

50.39 

4 

63.49 

5 

79.99 

6 

79.99 

7 

79.99 

8 

63.49 

12 

23.90 

1 

26.84 

2 

50.39 

4 

53.66 

8 

71.62 

10 

79.99 

11 

79.99 

12 

79.99 

13 

79.99 

14 

79.99 

15 

67.62 

1 

12 . 60 

2 

25.20 

4 

40.00 

8 

50.39 

,_v_  v r.-ii  . . i.  /v-.'j.  1 3) 


• ... 

. 

. 

(/. . d 

V . ■ 

.W 

M • c 

fc  .oe 

. • 

. c 

. 

v.  V. 

t . V 

. 

. 

. . 

. 

e.\. 

.IV 

V . 

.1  ± 

e r . IP 

■ . 

* .ev 

V >.  .o 

c~ . 

. , 

. 

• 

. , V 

. . 

. \' 

^ . 

■ . 

■ •3.  :0 

. 

>-■  . . 

•-  . «.  . 

11. 


(3)  Kodak  Printer  - (Average  of  5 observers)  (Continued) 


Paper  Grade 

Exposure  Time 
(Seconds) 

Resolution 
(Reflection)  l/mm. 

5 

11 

63.49 

12 

63.49 

13 

63.49 

14 

68.99 

15 

63.49 

16 

63.49 

< 


RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


RESOLUTION-TIME  CHARTS 


CURVES  OF  TESTS  ON  AZO  PAPER, 
GRADES  0-5,  WITH  KODAK  PRINTER. 


TIME  OF  EXPOSURE  IN  SECONDS 


GRADE  0 


GRADE  I 


GRADE  2 


TIME  OF  EXPOSURE  IN  SECONDS 

GRADE  3 GRADE  4 GRADE  5 


( 


MAXIMUM  RESOLUTION  L/M.M. 


MAXIMUM  RESOLUTION-GRADE  CHART 

CURVES  OF  TESTS  ON  AZO  PAPER 
WITH  A - 1 1 , A - I 4 AND  KODAK  PRINTER. 


( 


Exposure 


Resolution  1/mm. 


(4)  Source  Grade 


A-ll 

A-14 

Kodak 


Edgerton 

Lab. 

Source 


0 7 seconds  40-00 

5 6 seconds  

5 4 seconds  45.20 

0 7 seconds  

1 5-7  seconds  

2 7 seconds  79.99 

3 5-7  seconds  

4 10-14  seconds  

2 21" -1  flash  95.58 

100.78  (Kodabromiae) 

1 2 min-3/32" 


126.98  (Kodabromiae) 
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MAXIMUM  RESOLUTION  L/M.M. 


MAXIMUM  RESOLUTION-ANGLE  OF  INCIDENCE 

PLOT  OF  TESTS  ON  VARIOUS  PRINTERS 


1 *3 


( 5)  Laboratory  Point  Source  Printer 
Paper  Grade  Source  Description 


Azo  F-l 


Azo  F-l 


F-5 


F-l 


F-5 


F-l 


Kodabromide  F-l 


Kodabromide  F-l 


Edgerton 


Edge  r ton 


100W 


300W 


300W 


300W 


z”  Aperture 
with  ground  glass 


1) 

2 

flashes 

2) 

5 

flashes 

3) 

8 

flashes 

1" 

Aperture 

No  Glass 

1) 

20 

flashes 

2) 

30 

flashes 

1) 

20 

flashes 

.2) 

30 

flashes 

1) 

15 

seconds 

2) 

30 

seconds 

1) 

45 

seconds 

2) 

60 

seconds . 

1) 

5 

seconds 

2) 

15 

seconds 

3) 

25 

seconds 

4)35 

seconds 

3/32”  Aper. 

5*  Column 

11)15  seconds 
2)30  seconds 
3j60  seconds 
4)120  seconds 
5)180  seconds 

.0135”  Aperture 


Column 

(1)  90  minutes 

(2) 125  minutes 

(3)  32  hours 


Resolution 

(Reflection) 


1/mm 


23.90 

40.00 

50.39 


50.39 

63.49 

5.65 

8.97 

31.75 

50.39 

63.49 

63.49 

40.00 

63.49 

67.62 

79.99 


50.39 

63.49 

79.99 

126.98 

95.58 


25.54  (7) 
31.75  (7) 
28.48  (9) 


3/32”  Aperture 
Column 

(1)  15  minutes  - no  image  foimation 

(2)  25  minutes  - slight  image 

formation 
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D.  CONCLUSIONS 

1.  It  has  been  shown  that  the  Army  A-14  Printer  gives 
higher  resolution  than  the  Army  A-ll  Printer  under 
identical  conditions.  The  Army  A-ll  Printer,  how- 
ever, reached  maximum  value  on  Grades  1-4  faster 
than  the  A-14. 

The  following  chart  gives  a complete  comparison  of 
the  two  printers; 


Grade 

Max. 

Time 

Value 
in  Sec. 

Average  over 
Range  l/mm 

Maximum  Resolution 
Value  l/mm 

•-14 

A-ll 

A-14 

A-ll 

A-14 

A-ll 

A-14 

A-ll 

0 

0 

2-4 

7 

30.14 

28.20 

40.00 

40.00 

1 

1 

2 

1 

2 

25.74 

22.19 

42.60 

31.75 

2 

2 

1 

2 

1 

2 

23.94 

21.26 

42.60 

33.85 

3 

3 

1 

1 

2 

22.13 

20.18 

40.00 

31.75 

4 

4 

2 . 

1 

2 

22.83 

20.96 

47.79 

31.75 

5 

5 

4 

6 

24.53 

24.50 

45.20 

40.00 

AVE: 

24.89 

22.88 

43.03 

34-83 

2. 

The 

source 

used  in 

printing  has  a 

very  great 

effect 

on  print  resolution.  The 

closer  we  approach  either 

parallel  or  point 

source 

light  the 

higher  will  be 

the 

value 

of  resolution. 

This  is 

shown  very 

well  in 

the 

graph 

following  page  11  which  is  a plot  of  maxi- 

mum 

resolution  with  each 

source. 

As  we  go  from  a 

highly  diffuse  source  at 

the  lower 

end  to  a 

very 

small  divergent  source  we 

increase 

the  resolution 

about  300% 
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A.  Statement  of  the  Problem: 

1.  Comparison  of  print  resolution  of  contact  and  en- 
larging papers  on  glossy  and  semi-matte  surfaces. 

3 . Experimental  Procedure: 

1 • Materials 

a)  Test  Object: 

The  negative  used  in  this  work  was  a U.S.  Army 
test  ooject  of  infinite  contrast  and  maximum 
resolution  of  200  1/mm.  (See  Frontispiece) 

b)  Positive  Material: 

1.  Azo  Paper 

(a)  Grades  0-5,  glossy,  white,  smooth 

(b)  Grades  1-5,  semi-matte,  white,  smooth 

2.  Velox  Paper 

(a)  Grades  0-5,  glossy,  white,  smooth 

3.  Kodabromide  Paper 

(a)  Grades  1-5,  glossy,  white,  smooth 

(b)  Grades  1-4,  semi-matte,  white,  smooth 

2 . Processing  conditions: 

(See  Chapter  I under  ’’Processing  Procedures  for 
Entire  hesearch”) 

3 . Discussion  of  Experiments 
a)  Eagerton  Hash  Unit: 

1.  Description.  (See  Chapter  I (e)) 

2.  Prints  were  made  on: 

(a)  azo  Paper,  glossy,  white,  smooth 

(b)  Azo  Paper,  semi-matte,  white,  smooth 

(c)  Velox  Paper,  glossy,  white,  smooth 

(d)  Kodabromide  Paper,  glossy,  ‘white,  smooth 

(e)  Kodabromide  Paper,  semi-matte,  white, 
and  smooth. 
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3-  Processing  was  carried  out  as  outlined. 
4»  Pressure  was  equal  to  2.917  lbs./sq.  in. 


' 


C . Table  of  Results 


_s. 


Velox  (Glossy)  (Reflection) 
(Average  of  4 observers) 
Resolution  in  l/mm 


F-0 

F'-l 

F- 

O 

3" 

- 24-43 

3" 

- 6.96 

3" 

— 

10 

5" 

- 36.00 

5" 

- 3.76 

6” 

- 

15 

7” 

- 36.70 

7” 

- 10.00 

7”  - 

- 

28 

8" 

- 50.93 

8" 

- 10.52 

8” 

- 

33 

9»! 

- 58.25 

9" 

- 11.56 

9” 

- 

40 

10” 

- 63.49 

10” 

- 13.39 

10” 

- 

42 

11” 

- 66.79 

11” 

- 14-70 

11" 

- 

44 

12” 

- 66.79 

12” 

- 17.03 

12” 

- 

44 

13" 

- 70.09 

13" 

- 25.70 

15" 

— 

50 

14" 

- 76.69 

14" 

- 29.13 

18" 

- 

53 

15" 

- 79.99 

15" 

- 30.54 

21" 

- 

53 

16” 

- 67.62 

18” 

- 37.94 

24" 

- 

71 

IS” 

- 63.49 

22” 

- 45.20 

25" 

- 

79 

24" 

- 53.66 

26" 

- 

79 

26” 

- 61.06 

27" 

— 

79 

27" 

- 79.99 

28” 

- 

79 

28” 

- 79.99 

29” 

— 

86 

29" 

- 83-45 

30” 

- 

79 

30” 

- 86.92 

31" 

- 79.99 

1=2 

l=A 

F- 

-5 

3" 

- 21.57 

1” 

- 50.39 

3" 

— 

8 

4" 

- 70.09 

2” 

- 60.22 

5” 

- 

10 

5" 

- 70.09 

3" 

- 73.39 

7" 

— 

12 

6” 

- 76.69 

4" 

- 63.49 

8” 

- 

16 

7" 

- 63.49 

5” 

- 63.49 

9" 

- 

79 

3” 

- 63.49 

7” 

- 60.87 

10” 

— 

85 

9" 

- 63.49 

9” 

- 50.39 

11” 

- 

84 

10” 

- 63.49 

11" 

- 46.23 

13” 

- 

76 

12” 

- 60.87 

13" 

- 40.00 

14" 

- 

75 

15” 

- 50.39 

15" 

- 37.94 

15" 

— 

75 

18” 

- 50.39 

18” 

- 31.75 

18” 

- 

67 

00 

22 

09 

40 

00 

03 

70 

70 

39 

67 

67 

74 

99 

99 

99 

99 

92 

99 

52 

52 

03 

57 

99 

19 

15 

69 

87 

87 

62 


*Uote 


The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure 
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Veiox  (Glos sy)  (Transmission) 
(Average  of  4 observers) 
Resolution  in  1/mm 


F-0 

F- 

-1 

F-2 

3" 

- 42.08 

3" 

— 

13.25 

3” 

- 25.20 

5" 

- 48.31 

5” 

— 

16.70 

6" 

- 32.09 

7" 

- 48.31 

7” 

- 

22.56 

7” 

- 38.35 

8” 

- 49.35 

8” 

- 

26.51 

8” 

- 40.00 

9” 

- 50.39 

9” 

- 

28.09 

9” 

- 40.00 

10** 

- 51.70 

10*' 

- 

31.75 

10" 

- 40.00 

11*' 

- 53.01 

11** 

- 

33.40 

11” 

- 41.04 

12*’ 

- 55.63 

12” 

- 

35.05 

12” 

- 42.08 

13” 

- 56.94 

13” 

- 

38.35 

15” 

- 43.12 

14" 

- 58.25 

14" 

- 

40.00 

18” 

- 44.16 

16*' 

- 63.49 

15” 

- 

40  • 43 

20” 

- 45.20 

18” 

- 58.25 

18” 

- 

42 . 08 

24” 

- 60.22 

22” 

— 

47.79 

25” 

- 63.49 

24” 

— 

50.39 

26" 

- 63.49 

26  y 

— 

60.22 

27" 

- 63.49 

27” 

- 

63.49 

28" 

- 79.99 

28" 

- 

68.99 

29” 

- 66.24 

29” 

- 

71.74 

30" 

- 

79.99 

31” 

- 

68.99 

Izl 

F- 

~J± 

Izl 

3" 

- 48.31 

1” 

— 

45.20 

3" 

- 12.08 

4" 

- 63.49 

2” 

- 

53.66 

5” 

- 19.39 

5” 

- 63.49 

3” 

- 

63.49 

7” 

- 33.35 

6” 

- 62.18 

5” 

— 

60.87 

9” 

- 70.09 

7” 

- 60.87 

7” 

— 

50.39 

10" 

- 75.86 

8” 

- 53.01 

9” 

— 

46.23 

11" 

- 70.09 

9” 

- 50.39 

11” 

— 

40.00 

12" 

- 67.62 

10” 

- 49.35 

13” 

- 

30.44 

13” 

- 63.49 

12” 

- 46.23 

15” 

- 

25.20 

14” 

- 63.49 

15” 

- 40.00 

18” 

— 

20.00 

15” 

- 63.49 

18” 

- 36.70 

18” 

- 60.87 

Mote:  The  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


RESOLUTION-DISTANCE  CHARTS 


CURVES  OF  TESTS  ON  VELOX  GLOSSY 
PAPER,  GRADES  0-5,  WITH  EDGERTON  UNIT. 


REFLECTION  TRANSMISSION 


DISTANCE  IN  INCHES  ( BULB  CENTER  TO  FRAME) 

GRADEO  GRADE  I GRADE  2 


SO 


80 


IO  20  30  40 


DISTANCE  IN 


t 

\ 

\ 


« 

i 


to  20  30  40 


INCHES  ( BULB  CENTER  TO  FRAME) 


GRADE  3 


GRADE  4 GRADE  5 


Kodabromide  (Glossy)  (Reflection) 
(Average  of  4 observers) 
Resolution  in  1/ram 


F- 

-1 

F 

-2 

£=2 

30" 

- 

47.79 

30" 

. 

10.00 

30" 

- 7.12 

40" 

— 

79.99 

40" 

- 

12.60 

40" 

- 8.97 

43" 

— 

85.19 

50" 

- 

28.48 

50" 

- 18.97 

46" 

— 

85.19 

70" 

- 

85.19 

60" 

- 79.99 

50" 

- 

90.39 

80" 

- 

85.19 

65" 

- 85.19 

53" 

— 

90.39 

86" 

- 

85.19 

70" 

- 95.58 

56" 

— 

85.19 

88" 

— 

85.19 

75" 

- 85.19 

60" 

- 

79.99 

89" 

- 

86.92 

80" 

- 79.99 

70" 

- 

75.87 

90" 

- 

93.85 

80" 

— 

63.49 

92" 

- 

97.82 

94" 

100.78 

96" 

- 

79.99 

F- 

“4 

F- 

-5 

30" 

7.94 

25" 



79.99 

40" 

- 

21.04 

30" 

- 

85.19 

50" 

- 

79.99 

33" 

— 

85.19 

55" 

- 

79.99 

36" 

- 

85.19 

60" 

- 

91.46 

40" 

- 

95.58 

65" 

- 

79.99 

50" 

— 

79.99 

70" 

— 

79.99 

60" 

— 

63.49 

80" 

- 

79.99 

Note: 


The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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Kodabromide  (Glossy)  (Transmission) 
(Average  of  4 observers) 
Resolution  in  1/mm 


F- 

-1 

Lz 

o 

F: 

il 

30" 

48.31 

30" 

17.52 

30" 

— 

14.56 

40" 

— 

50.39 

40" 

- 

25.20 

40" 

- 

15.87 

43" 

— 

67.62 

50" 

— 

40.43 

50" 

- 

40.00 

46" 

— 

67.62 

70" 

- 

65.98 

60" 

- 

63.49 

50" 

— 

73.39 

80" 

- 

65.98 

65" 

- 

71.74 

53" 

— 

79.99 

86" 

- 

71.74 

70" 

- 

75.87 

56" 

— 

67.62 

88" 

— 

73.80 

75" 

- 

75.87 

60" 

— 

63.49 

89" 

- 

77.24 

80" 

- 

67.62 

70" 

— 

60.22 

90" 

- 

79.99 

80" 

— 

50.39 

92" 

- 

66.24 

94" 

- 

63.49 

96" 

- 

63.49 

LzA 

1=1 

30" 

- 18.20 

25" 

- 72, 

,59 

40" 

- 45.20 

30" 

- 72, 

.59 

50" 

- 63.49 

33" 

- 75. 

86 

55" 

- 68.46 

36" 

- 71, 

.74 

60" 

- 63.49 

40" 

- 71, 

.74 

65" 

- 63.49 

50" 

- 71, 

.74 

70" 

- 63.49 

60" 

- 50. 

.39 

80" 

- 63.49 

Note: 


The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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RESOLUTION-DISTANCE  CHARTS 

CURVES  OF  TESTS  ON  KODABROMIDE  GLOSSY 
PAPER,  GRADES  1-5,  WITH  ED6 ERTON' UN  IT. 


IOO  r 


tn 

UJ 

(Z  30 


20 


I O 


20  40  6 0 80  tOO 

DISTANCE  IN  INCHES  ( BULB  CENTER 

GRADE  I 


20  4 0 60  80  tOO 


TO  FRAME  ) 
GRADE  2 


GRADE  3 GRADE  4 GRADE  5 


22 


Azo  Paper  (Glossy  Surface)  (Reflection) 

(Average  of  4 observers) 

Paper  Grade  Distance  (inches)  Resolution  (l/mm) 

0 


N ote:  The  distances  re- 

ferred to  above  are  the 
distances  from  the  Edgerton 
Unit  to  the  printing  frame 
Paging  -then  axpegaye-y-— ~ 


3” 

37.94 

5” 

42.60 

7” 

53.67 

8” 

57.79 

9” 

67.62 

10” 

71.74 

11” 

71.74 

12” 

73.80 

13" 

75.87 

14" 

75.87 

15” 

76.94 

18” 

79.99 

19” 

85.19 

20” 

85.19 

22” 

81.06 

3" 

15.05 

5” 

15.87 

7" 

26.84 

8" 

28.81 

9" 

31.75 

10” 

45.20 

11” 

50.39 

12” 

60.22 

13" 

67.62 

14” 

71.74 

15" 

73.80 

18” 

78.46 

21” 

78.46 

22” 

78.46 

24" 

85.19 

25" 

75.87 

3” 

31.75 

6” 

37.94 

7” 

40.00 

8” 

45.20 

9" 

51.07 

10” 

57.79 

11” 

63.49 

13" 

73.49 

14" 

75.86 

16” 

77.93 

17” 

81.06 

18" 

82.59 

20” 

82.59 

21" 

95.58 

22” 

93.85 

1 
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Azo  Paper  (Glossy  Surface)  (Reflection) 

(Average  of  4 observers) 

Paper  Grade  Distance  (inches)  Resolution  (l/mm) 


2” 

67.62 

3” 

85.19 

5” 

79.99 

6’' 

72.59 

9” 

71.74 

11” 

71.42 

14” 

70.52 

16” 

69.68 

17” 

67.62 

18” 

60.22 

2” 

40.00 

3" 

79.99 

5” 

71.74 

6” 

71.74 

7”  • 

63.49 

8” 

60.22 

9" 

59.12 

10” 

58.25 

11” 

57.79 

12” 

55.76 

13” 

55.76 

14” 

53.66 

15” 

53.66 

18” 

51.07 

25" 

50.39 

30” 

50.39 

35” 

46.93 

3” 

12.60 

5" 

16.70 

6” 

23.47 

7” 

34.50 

9” 

90.39 

10” 

95.58 

11” 

90.39 

12” 

85.19 

13” 

83.45 

14” 

79.99 

15” 

79.99 

18” 

79.99 

19” 

79.99 

20” 

74-49 

21” 

63.49 

iL? t c ♦ Ine  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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24. 


Azo  Paper  (Glossy)  (Transmission) 
(Average  of  4 observers) 


Paper  Grade 
0 


Distance  (inches)  Resolution  (1/mm) 


Note:  The  distances  re- 
ferred to  above  are  the 
distances  from  the  Rdgerton 
Unit  to  the  printing  frame 
during  the  exposure. 


3” 

60.22 

5” 

64.34 

7" 

70.11 

8” 

71.74 

9” 

71.74 

10” 

75.87 

11” 

79.99 

12” 

79.99 

13” 

79.99 

14” 

79.99 

15" 

79.99 

18” 

79.99 

19” 

79.99 

20” 

85.19 

21” 

79.99 

22” 

71.74 

3" 

34*24 

5" 

40.00 

7” 

50.39 

8” 

52.03 

9” 

60.22 

10” 

67.62 

11” 

69.68 

12” 

71.74 

13” 

73.81 

14” 

75.87 

15” 

79.99 

18” 

82.59 

21” 

82.59 

22” 

85.19 

24” 

82.59 

25” 

79.99 

3” 

40.54 

6” 

47.79 

8” 

50.39 

9” 

53.67 

10” 

58.47 

11” 

59.44 

13” 

60.22 

14” 

60.22 

15” 

63.49 

16” 

75.87 

17” 

79.99 

18” 

85.19 

19” 

20” 

90.39 

85.19 

21” 

83.13 

22” 

23”  - - 

_ J8-il 

24” 

76.94 

( . 
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25. 


Azo  Paper  (Glossy)  (Transmission)  (Continued) 
(Average  of  4 observers) 

Paoer  Grade  Distance  (inches)  Resolution  (l/mm) 


2" 

63.49 

3” 

75.87 

6” 

71.74 

9” 

69.68 

15” 

67.62 

16” 

63.49 

17” 

63.49 

18” 

63.49 

2” 

40.00 

3” 

63.49 

6” 

60.22 

7” 

53.67 

8” 

52.03 

9” 

50.39 

10” 

50.39 

11” 

45.20 

12” 

42.60 

13” 

41.30 

14” 

40.00 

15” 

38.48 

18” 

37.94 

30" 

36.30 

35” 

32.18 

3” 

8.46 

5” 

13.42 

6” 

17.38 

7” 

69.68 

8” 

75.87 

9” 

79.99 

10” 

90.39 

11” 

85.19 

12” 

79.99 

13” 

79.99 

14” 

77.93 

15” 

71.74 

18” 

63.49 

19" 

63.49 

20” 

63.49 

21” 

60.22 

Mote:  The  distances  referred  to  above  are  the  distances 

from  the  Eagerton  Unit  to  the  printing  frame  during 
the  exposure. 
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RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


RESOLUTION-DISTANCE  CHARTS 


CURVES  OF  TESTS  ON  AZO  GLOSSY  PAPER  > 
GRADES  0-5,  WITH  EDGERTON  UNIT- 


REFLECTION 


TRANSMISSION 


TO  FRAME  ) 


GRADE  0 


GRADE  I 


GRADE  2 


GRADE  3 GRADE  4 GRADE  5 


< 


Kodabromide  (Semi-Matte) (Reflection) 


(Average  of  4 observers) 
Resolution  in  l/mm 


E-i 

E 

-2 

15” 

- 65.19 

50” 

50.39 

17” 

- 69.86 

70” 

- 

63.49 

19” 

- 79.99 

72” 

- 

72.59 

20” 

-108.68 

74" 

- 

79.99 

23” 

-100.78 

76” 

- 

85.19 

28” 

- 93.85 

77” 

- 

95.58 

30” 

- 93.85 

78” 

100.78 

40” 

- 86.92 

80” 

- 

86.92 

43” 

- 79.99 

86” 

- 

79.99 

46" 

- 79.99 

90” 

- 

79.99 

50" 

- 79.99 

92" 

- 

77.21 

53” 

- 77.21 

94" 

- 

74.43 

56” 

- 77.21 

96” 

— 

71.74 

60” 

- 74.43 

70” 

- 63.49 

80” 

- 50.39 

E-3  E-4 


40” 

- 74.43 

40” 

- 

47.83 

50” 

- 79.99 

50” 

- 

74.43 

53” 

- 90.39 

55” 

— 

77.21 

55” 

- 95.58 

60” 

- 

79.99 

56” 

-100.78 

65” 

— 

79.99 

57” 

- 95.58 

70” 

- 

79.99 

60” 

- 79.99 

71” 

— 

95.58 

70” 

- 79.99 

72” 

- 

90.39 

75” 

- 79.99 

73” 

- 

87.78 

80” 

- 79.99 

74" 

- 

87.78 

85" 

- 67.62 

76" 

— 

79.99 

80” 

- 

71.74 

Note: 


The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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Kodabromide  (matte)  (Transmission) 

(Average  of  4 observers) 
Resolution  in  1/mm 


E 

-1 

E 

n 

E 

=1 

E- 

A 

15” 

— 

53.67 

50” 

— 

67.62 

40” 

— 

90.39 

40” 

— 

79.99 

17” 

— 

67.62 

70” 

- 

71.74 

50" 

100.78 

50” 

— 

79.99 

19” 

- 

75.87 

72” 

- 

75.86 

53” 

- 

85.19 

55” 

— 

79.99 

20” 

- 

19.99 

74n 

- 

79.99 

54" 

- 

85.19 

60” 

— 

79.99 

23" 

- 

90.39 

76” 

- 

85.19 

55" 

- 

79.99 

65" 

— 

79.99 

26" 

100.78 

77” 

- 

90.38 

56” 

— 

79.99 

71” 

— 

79.99 

28” 

- 

86.26 

78” 

100.78 

57” 

- 

79.99 

72” 

— 

85.19 

30” 

- 

83.13 

79” 

- 

95.58 

60” 

- 

79.99 

74” 

— 

95.58 

40” 

- 

79.99 

86" 

- 

90.39 

65” 

- 

75.87 

75” 

— 

79.99 

43" 

- 

75.87 

88" 

- 

90.39 

70” 

- 

71.74 

76” 

— 

79.99 

50” 

- 

71.74 

90” 

- 

79.99 

75" 

- 

63.49 

80” 

— 

75.87 

53” 

- 

69-68 

92” 

- 

79.99 

80” 

- 

63.49 

56” 

- 

63.49 

94" 

- 

79.99 

85" 

— 

56.94 

60” 

- 

53.67 

96" 

- 

63.49 

70”  - 45.20 
80”  - 37.94 


Note: 


The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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RESOLUTION  L/M.M  _ _ RESOLUTION  L/M.M. 


RESOLUTION-DISTANCE  CHARTS 


CURVES  OF  TESTS  ON  KODABROM1DE  SEMI-MATTE 
PAPER,  GRADES  1-4,  WITH  EDGERTON  UNIT. 


DISTANCE  IN  INCHES  (BULB  CENTER  TO  FRAME  ) 


GRADE  I 


GRADE  2 


40 

30  

20  4-0  to  % O (00 

DISTANCE  IN  INCHES 

GRADE  3 


20  40  60  so  too 

(BULB  CENTER  TO  FRAME  ) 

GRADE  4 


Azo  (Semi-Matte)  (Reflection) 
(Average  of  4 observers) 
Resolution  in  l/ram 


E- 

-1 

E-2 

E- 

zl 

17" 

— 

2 4 • 4 

17" 

- 39.68 

1" 

__ 

9.31 

18" 

- 

25.00 

18" 

- 45.20 

2" 

- 

15.87 

19" 

— 

31.75 

19" 

- 50.39 

3" 

— 

18.98 

20" 

- 

36.41 

20" 

- 63.49 

4" 

- 

34.50 

22" 

- 

45.87 

21" 

- 67.62 

5" 

— 

37.25 

23” 

- 

53 . 66 

22" 

- 71.74 

6" 

- 

40.00 

24" 

- 

o7.62 

23" 

- 73.80 

7" 

— 

45.20 

25" 

- 

73.80 

24" 

- 79.99 

8" 

- 

46.93 

27" 

- 

75.86 

25" 

- 85.19 

9" 

- 

50.39 

28" 

- 

79.99 

26" 

- 95.58 

12" 

- 

53.67 

29" 

— 

95.58 

27" 

-100.78 

13" 

— 

60.22 

30" 

- 

90.38 

28" 

- 98.18 

14" 

— 

67.62 

31" 

- 

85.19 

29" 

- 98.18 

15" 

- 

75.87 

30" 

- 95.58 

17" 

- 

79.99 

31" 

- 90.39 

19" 

- 

85.19 

21" 

— 

70.12 

E- 

A 

E- 

3" 

_ 

63.49 

7" 



10 

.00 

6" 

- 

63.49 

8" 

— 

12 

60 

9" 

- 

63.49 

9" 

— 

13. 

.69 

15" 

- 

69.68 

10" 

- 

24. 

.27 

16" 

- 

71.74 

11" 

— 

79. 

.99 

17" 

- 

77.98 

12" 

— 

86. 

.92 

18" 

- 

79.99 

13" 

- 

79. 

.99 

19" 

- 

77.98 

14" 

— 

79. 

.99 

20" 

- 

75.87 

15" 

— 

79, 

.99 

21" 

- 

71.74 

18" 

— 

79, 

.99 

25" 

- 

63.49 

21" 

— 

63. 

.49 

30" 

- 

63.49 

35" 

- 

50.39 

Hote:  The  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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Azo  (Matte  ) (Transmission) 
(Average  of  4 observers) 
Resolution  in  1/mra 


E 

-1 

E 

-2 

1=2 

17" 

— 

50.39 

17" 

— 

63.49  1" 

— 

31.75 

IS" 

— 

63.49 

18" 

- 

71.74  2" 

- 

40  • 44 

19" 

- 

67.62 

19" 

- 

71.74  3" 

- 

56.94 

20" 

— 

79.99 

20" 

- 

79.99  4" 

- 

63.49 

22" 

— 

85.19 

21" 

102.13  5" 

- 

63.49 

23" 

— 

90.38 

23" 

- 

90.38  6" 

- 

75.87 

24” 

- 

95.58 

24” 

- 

85.19  7" 

- 

85.19 

25" 

107.33 

26" 

- 

85.19  8" 

- 

63.49 

26" 

— 

90.38 

27" 

- 

85.19  • 13” 

- 

63.49 

28" 

— 

85.19 

28" 

— 

79.99  14" 

— 

63.49 

29" 

- 

82.59 

29" 

- 

79.99  15" 

- 

63.49 

30" 

— 

79.99 

30" 

— 

79.99  17" 

- 

61 . 86 

31" 

— 

79.99 

31" 

- 

75.87  18" 

- 

57.62 

19" 

- 

57.00 

20" 

- 

53.47 

' 21" 

- 

50.39 

E- 

zA 

ElzI 

3" 

63.49 

7"  - 12.60  , 

4” 

- 

63.49 

8"  - 15.05 

5" 

- 

63.49 

9"  - 85.19 

6" 

— 

79.99 

10"  - 90.39 

9" 

- 

50.39 

11"  - 95.58 

12" 

— 

47.80 

12"  -100.78 

15" 

- 

45.54 

13"  - 90.39 

17" 

- 

42.60 

14"  - 85.19 

18" 

- 

42 . 60 

15"  - 79.99 

21" 

- 

40.00 

18"  - 71.74 

25" 

- 

38.21 

21"  - 63.49 

30" 

- 

37.94 

35" 

- 

35.88 

Rote;  The  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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RESOLUTION  L/M.M.  RESOLUTION  L/M.M. 


ioo 

so 

80 

70 

60 


50 

40 

50 

20 

10 

0 


RESOLUTION-DISTANCE  CHARTS 


CURVES  OF  TESTS  ON  AZO  SEMI  -MATTE 
PAPER, GRADES  1-5,  WITH  EDGERTON  UNIT. 


IO  20  30  40  IO  20  30  40 

DISTANCE  IN  INCHES  (BULB  CENTER  TO  FRAME  ) 

GRADE  I GRADE  2 


SO 


10  20  30  40 

DISTANCE  IN 

GRADE  3 


10  20  30  40  10  20  30  40 

INCHES  (BULB  CENTER  TO  FRAME) 

GRADE  4 GRADE  5 


30 


Paper  (Glossy) 


Grade  Resolution  (Reflection) 

(l/mm) 


Azo  0 

1 

2 

3 

4 

5 

Velox  0 

1 

2 

3 

4 

5 

Kodabromide 

1 

2 

3 

4 

5 

Paper  (Glossy)  Grade 


Azo  0 

1 

2 

3 

4 

5 

Velox  0 

1 

2 

3 

4 

5 

Kodabromide 

1 

2 

3 

4 

5 


85.19 

85.19 

95.58 

85.19 

79.99 

95.58 

79.99 

83.45 

86.92 

76.69 

73.39 

79.99 


90.39 

100.78 

95.58 

91.46 

95.58 

Resolution  (Transmission) 

(l/mm) 

85.19 

85.19 

90.39 

75.86 

63.49 

90.39 

63.49 

79.99 

79.99 

63.49 

63.49 

75.86 


79.99 

79.99 

75.86 

68.46 

75.86 


Paper  (Semi-matte) 

Grade 

Resolution  (Reflection) 

AZO 

1 

(l/mm) 

95.58 

2 

100.78 

3 

85.19 

4 

79.99 

5 

86.92 

Kodabromide 

1 

108.68 

2 

100 . 78 

3 

100.78 

4 

95.58 

Paper  (Semi-matte)  Grade  Resolution  (Transmission) 

(l/mm) 


Azo 

1 

107.33 

2 

102.13 

3 

85.19 

4 

79.99 

5 

100.78 

Kodabromide 

1 

100.78 

2 

100.78 

3 

100.78 

4 

95.58 

. 

. X 

. 

. 

. 

bV.v  V .1 

. 

. 
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MAXIMUM  RESOLUTION  L/MM.  MAXIMUM  RESOLUTION  L/MM 


MAXIMUM  RESOLUTION  GRADE  CHARTS 

CURVES  OF  TESTS  WITH  EDGERTON  UNIT 


KC  DAB  ROM  IDE  

AZO 

VELOX 


GLOS  SY 

READINGS  BY  REFLECTION 


GRADES 

SEMI-MATTE 

READINGS  BY  REFLECTION 


GRADES 


GLOSSY 

READINGS  BY  TRANSMISSION 


* 

% 

% 

\ 

% 

1 

s. 

% 

% 

% 

! 

% 

• 

1 

1 

f 

t 

% 

1 

1 

% 

i 

f 

f 

1 

i 

% 

% 

\ 

\ 

1 

» 

1 

t 

1 



12  3 4-5 

GRADES 

SEMI-M  ATTE 

READINGS  BY  TRANSMISSION 


D.  Conclusions: 


1.  Bromide  paper  will  give  higher  reflection  reso- 
lution than  chloride  under  similar  circumstances. 


a . 

Kodabromide 

- 94.76 

b. 

Azo 

- 87.79 

c . 

Velox 

- 80.07 

2.  Reflection  resolution  will  give  a higher  maximum 
than  transmission  resolution  on  glossy  paper. 

3.  Semi-matte  surface  papers  in  the  case  of  both 
chloride  and  bromide  give  an  average  higher 
resolution  value  than  glossy  surfaces. 

a.  Azo  - (reflection) 

Glossy  Semi-matte 

87.79  89.49  (Average) 

b.  Kodabromide  - (reflection) 

Glossy  Semi-matte 


4. 


5. 


94*58  IOI.46  (average) 

Grade  2 paper  gives  the  highest  average  resolution 
value . 


Grade 


Resolution  No;  of  Values  Used 


2 

1 

3 
5 

4 
0 


93.81 
91.66 
84  • 46 

86.97 

79.14 

78.47 


10 

10 

10 

8 

10 

4 


Azo  paper  will  give  higher  resolution  than  Velox 
under  similar  conditions. 

Reflection  Transmission 


azo  - 


Velox  - 


87.79 

80.07 


81.59 

71.05 
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6.  Azo  paper  gives  higher  transmission  resolution  than 
Kodabroraide  on  glossy  surface. 

Azo  - 81.59  Kodabromide  - 76.03 

7.  Bromide  papers  show  a larger  decrease  in  transmission 
readings  on  glossy  prints  than  chloride  papers. 


Azo  - 

Kodabromide  - 
Velox  - 


Reflection 

87.79 

94.58 

80.07 


Transmission 

81.59 

76.03 

71.05 


8.  Chloride  paper  shows  higher  resolution  with  semi- 
matte surface  by  transmission  than  by  reflection. 

Azo  - 95.08  Transmission 

89.49  Reflection 
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CHAPTER  III 


A . Statement  of  the  Problem: 

1.  Investigation  of  Print  Resolution  of  Varigara  Paper 

B . Experimental  Procedure: 

1 . Materials 

a)  Test  Object: 

The  negative  used  in  this  work  was  a U.S.  Army 
test  object  of  infinite  contrast  and  maximum 
resolution  of  200  l/mm.  (See  Frontispiece) 

b)  Positive  Material: 

The  positive  material  used  in  this  test  was 
Defender  Varigam,  glossy,  smooth,  white,  with 
appropriate  wratten  filters  to  vary  contrast. 

2 . Processing  Conditions 
(See  Chanter  I) 


...  • 


j . i c >i 


. 

. . 


I 


C.  Tables  of  Results 


Filter  No: 


None 


CC44 


7 Baa 


3 


Distance  (inches) 

Resolution  (h< 

5” 

(l/mi 

14.78 

10" 

25.20 

20" 

79.99 

25" 

100.78 

30" 

113.88 

33” 

153.24 

34” 

146.94 

36" 

145.24 

37" 

135.23 

5” 

10.14 

10" 

18 . 62 

20" 

79.99 

23” 

93.85 

25" 

102.58 

27" 

107.33 

28" 

113.17 

29" 

118.25 

30" 

122.13 

31" 

126.98 

32" 

135.23 

35" 

107.33 

5" 

63.49 

10" 

79.99 

18" 

102.13 

19" 

107.33 

20" 

120.43 

21" 

113.88 

22" 

107.33 

1" 

24.27 

2" 

44.13 

3" 

50.39 

4" 

59.12 

5" 

79.99 

7" 

63.49 

8" 

63-49 

9" 

63.49 

10" 

63.49 

20" 

59.12 

Note:  The  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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37. 


Filter  Ro:  Distance  (Inches)  Re sola cion  (Reflection) 

(1/inm) 


1” 

(2 

flashes) 

24.27 

1" 

29.57 

2” 

46.93 

3" 

50.39 

5” 

63.49 

9" 

67.62 

10” 

68.99 

12” 

71.74 

15” 

75.87 

20” 

50.39 

1” 

(3 

flashes) 

23.45 

1” 

(2 

flashes) 

34-50 

1” 

40.00 

2” 

50.39 

3" 

54.76 

5” 

50.39 

10” 

46.92 

20” 

43.46 

. 

. 


. 


. 


Filter  No: 


Distance  (inches) 


None 


CC44 


7 BAA 


3 


Resolution  (Transmission) 
(1/mm) 


5.1 

15.87 

10*' 

40.00 

20” 

86.92 

25” 

90.39 

30” 

107.33 

33" 

110.61 

34” 

113.88 

35” 

120.43 

36” 

113.88 

37” 

107.33 

5" 

12 . 60 

10” 

50.39 

20” 

86.92 

23” 

93.85 

2 5" 

102.58 

27” 

113.88 

28” 

118.25 

29” 

120.43 

30” 

113.88 

31” 

110.33 

32” 

107.33 

35” 

107.33 

5” 

68.99 

10” 

79.99 

18” 

90.39 

19” 

95.58 

20” 

100.78 

21” 

107.33 

22” 

100.78 

1” 

43.46 

2” 

50.39 

3" 

54.76 

4" 

59.12 

5" 

63.49 

7” 

63.49 

8” 

63.49 

9” 

63.49 

10” 

60.22 

20” 

50.39 

Note:  The  distances  referred  to  above  are  the  distances 

from  the  Edgerton  Unit  to  the  printing  frame  during 
the  exposure. 
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Filter  No: 


Distance  (inches) 


Resolution  (Transnris sion) 

(1/raro) 


7 


12 


1” 

(2 

flashes) 

25.20 

1” 

37.25 

2” 

40.00 

3” 

50.39 

5” 

51.29 

9" 

63.49 

10" 

63.49 

12" 

60.22 

15" 

50.39 

20" 

46.93 

1" 

(3 

flashes) 

20.00 

1" 

(2 

flashes) 

25.20 

1" 

31.75 

2" 

34.65 

3" 

40.71 

5" 

37.25 

10" 

34.17 

20" 

31.75 

The  distances  referred  to  above  are  the  distances 
from  the  Edgerton  Unit  to  the  printing  frame  during 
tne  exposure. 
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RESOLUTION  L/M.M.  R E 3 0 LU  Tl  ON  L / M.M . 


RESOLUTION-DISTANCE  CHARTS 

CURVES  OF  TESTS  ON  VARIGAM  GLOSSY  PAPER, 
WITH  WRATTEN  FILTERS  WITH  EDGERTON  UNIT. 


160 
140 
I 20 
I OO 
80 
6 O 
40 
20 
I 0 

O 10  20  30  40  O to  20  30  40  O 10  20  30  40 

DISTANCE  IN  INCHES  ( BULB  CENTER  TO  FRAME  ) 

FILTERI2  FILTER  7 FILTER  3 


REFLECTION  — - 
TRANSMISSION 


DISTANCE  IN  INCHES  (BULB  CENTER  TO  FRAME) 

FILTER  78AA  FILTER  0044  NO  FILTER 


Maximum  Resolution 
(l/mra) 


Filter  No: 
N one 

CC44 

78AA 

3 

7 

12 


heflection 

153.24 

135.23 

120.43 

79.99 

75.37 

54.76 


Transmission 

120.43 

120.43 

107.33 

63.49 

63.49 

40.71 


Conclusions: 

1.  The  resolution  obtainable  with  Defender  Varigam  Paper 
far  exceeds  the  highest  value  obtainable  with  the 
Eastman  Papers  that  were  used  in  the  test. 

a) .  Varigam  -----  153.24  l/mm  (Reflection) 

b)  . Kodabromide  - - - 108.68  l/mm  (Reflection) 

2.  Transmission  resolution  on  the  Varigam  is  higher  than 
transmission  resolution  on  Kodak  Paper. 

a) . Varigam  -----  120.43 


b) . Azo  (Semi-matte)-  107.33 
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IMUM  RESOLUTION- FILTER  CHART 

CURVE  OF  TESTS  ON  VARIGAM  GLOSSY  PAPER, 
WITH  WRATTEN  FILTERS  WITH  EDGERTON  UNIT. 


12  7 3 78AA  CC44  NONE 
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CHAPTER  IV 

A . Statement  of  the  Problem: 

1.  The  effect  of  pressure  on  the  resolution  of  photo- 
graphic printing  paper. 

E . Experimental  Procedure: 

1 • Materials 

a)  Test  object: 

(Same  as  described  in  Chapter  I) 

b)  Positive  Material: 

The  positive  material  used  in  this  test  was 
Velox,  grade  2,  glossy,  white,  smooth. 

2 . Processing  Conditions 
(See  Chapter  I) 


C . Tables  of  Results 


4 


Exposure  - Edgerton  Flash  Unit 


Exposure  Distance  = 291' 


Resolution  (Reflection ) 
(l/mra) 

50.39 

63.49 

79.99 

79.99 

79.99 

79.99 

79.99 

79.99 

79.99 

79.99 


Force  - lbs./sq.  in . 

1.67 

3.33 

5.00 

6.67 

8.33 

10.00 

11.67 

13.33 

15.00 

16.67 


Conclusions: 

1.  The  maximum  resolution  under  a given  set  of  condi- 
tions will  be  attained  at  a pressure  of  5 lbs. /sc. 
Further  increases  in  pressure  will  not  affect  the 
maximum  resolution. 
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MAXIMUM  RESOLUTION-PRESSURE  CHART 


CURVE  OF  TESTS  ON  VELOX  PAPER  WITH 
LABORATORY  PRESSURE  PRINTING  FRAME. 


CONVERSION:  PRESSURE  LBS.  TO  PRESSURE  LBS. /SO.  INCH 


DIVIDE  TOTAL  PRESSURE  BY  AREA  (12  CLINCHES) 


CHAPTER  V 


To  Determine  the  Influence  of  Li ght  and  Eye  Strain  on 
nAaximum  Resolution : 

V\e  conclude  that,  except  in  cases  of  severe  eye  strain, 
eye  tiredness  has  a negligible  effect  on  the  reading  of 
maximum  resolution.  The  most  important  factors  in 
achieving  high  resolution  seem  to  be  the  type  and  con- 
stancy of  light  on  the  targets  read. 

In  this  case,  our  experimental  tests  show  that  prints 
read  on  the  viewing  tab le  through  Fluorescent  tubes 
and  ground  , glass  gave  much  higher  resolution  than  did 
the  same  prints  when  read  with  ordinary  room  light . 

The  total  average  resolution  in  lines  per  millimeter 
of  sixteen  prints  read  twice  at  the  viewing  table, 
transmi ssion-by  five  observers  was  41*56;  while  the 
total  average  resolution  in  lines  per  millimeter  of 
the  same  sixteen  prints  read  twice  by  five  observers 
at  their  desks,  ref lection- with  room  light  was  27.81. 

Our  tests  indicate  that  bright  morning  light  and  "eye 
freshness"  had  virtually  no  effect  on  maximum  resolution 
when  prints  were  read  at  the  desks  of  the  observers. 
Prints  read  by  morning  light  were  found  to  have  an 
average  maximum  resolution  in  lines  per  millimeter 
only  .12  higher  than  the  same  prints  read  by  late 
afternoon  light  at  the  desks  after  the  five  observers 
had  been  using  their  eyes  in  several  hours  of  other 
close  work. 

The  accompanying  data  will  give  the  average  of  five 
readings  for  each  print  as  it  was  read  under  the 
different  light  conditions. 
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AVLRaGE 

maximum  resolution  readings 

(5  Observers) 

(Lines  Per  Millimeter) 

Print  Monday  A.M.  Monday  P.M.  Tuesday  A.M.  Tuesday  P.M. 
No:  At  Viewer At  Desks  At  Desks  At  Viewer 


Transmission 

9 

Reflection 

Reflection 

Transmission 

36 

28.48» 

30.11 

6.30 

6.30 

7.39 

6.37 

33.74 

33.74 

37 

42.60J 

42.60 

21.30 

20.27 

27.39 

21.56 

53.01 

53.01 

38 

17.60« 

16.57 

6.30 

6.30 

6.70 

6.44 

19.77 

19.12 

39 

56. 94j 

56.94 

50.39 

50.39 

46.23 

48.85 

55.63 

60.87 

40 

60.221 

60.22 

50.39 

50.39 

50.93 

53.01 

55.63 

55.63 

41 

45.20’ 

47.79 

31.75 

31.75 

29.47 

31.05 

50.39 

50.39 

42 

22.94’ 

22.94 

7.94 

7.53 

8.95 

8.02 

26.51 

25.47 

43 

45.20’ 

45.20 

31.75 

31.75 

30.08 

29.04 

50.39 

50.39 

44 

37.94’ 

35.88 

15.05 

13.42 

18.73 

17.25 

40.43 

40.00 

45 

22.94 

21.30 

8.97 

7.94 

8 « 44 

8.02 

29.13 

27.82 

46 

33.81- 

33.81 

15.87 

15.87 

16.73 

15.91 

38.35 

38.35 

47 

50.39 

50.39 

50.39 

50.39 

48.31 

48.31 

50.39 

50.39 

48 

50.39 

53.67 

50.39 

50.39 

48.31 

50.39 

50.39 

50.39 

49 

42 . 60 ; 

40.00 

40.00 

42 . 60 

40.00 

40.00 

40.00 

40.00 

50 

35..  88- 

37.94 

22.60 

21.57 

24  * 91 

24.26 

42. 08 

42.08 

51 

50.39’ 

48.47 

35.88 

35.88 

33.74 

37.04 

50.39 

50.39 

Tote 

ilr643 . 52  643.83 

445.2  7 442.74 

446.3  1 445.52 

686.23  688.04 

Average-  40.22 

40.24 

27.83 

27.67 

27.89 

27.85 

42.89 

43.00 
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4.6. 


B . Specific  Comparison  of  Transmitted  Light  from  Viewing 

Table  and  Reflected  Light  from  Desk  Lamp  as  Illumination 
on  Resolution  Targets. 

Readings  of  prints  of  high  contrast  with  desk  lamp 
illumination  and  at  the  viewing  table  show  that  viewing 
table  illumination  gives  a much  higher  resolution  than 
desk  lamp  illumination.  The  brightness  of  the  white 
background  on  high  contrast  prints  causes  a slight 
glare;  the  brightness  makes  it  impossible  to  read  the 
small  less  white  lines  in  units  beyond  number  ten  (or 
even  units  below  ten  in  very  high  contrast  prints) . 

In  reading  low  contrast  prints  with  both  light  sources, 
we  found  the  number  of  units  resolved  to  be  almost  the 
same  in  both  cases.  However,  on  each  low  contrast 
prints  read,  the  transmitted  light  from  the  viewing 
table  gave  a haze  effect  over  the  target,  obscuring 
about  one  unit  which  was  seen  to  be  clearly  resolved 
when  read  with  reflected  light,  which  is  due  to  the 
fact  that  reflection  contrast  is  twice  as  large  as 
transmission  contrast. 

Following  are  the  results  of  readings  with  both  light 
sources  using  high  and  low  contrast  prints.  These  are 
averages  of  three  readings. 
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HIGH  CONTRAST  PRINTS 


No: 

With  Desk  Lamp 

At 

Viewer 

(res . 

l/inin) 

(res 

. l/mm) 

36 

10.00 

10.00 

29.57 

29.57 

129 

11.05 

10.18 

15.87 

15.87 

130 

11.05 

9.31 

15.87 

15.87 

131 

11.73 

11.05 

20.00 

15.37 

132 

12.60 

10.00 

25.20 

25.00 

133 

20.36 

15.87 

37.25 

37.25 

134 

21.73 

15.87 

40.00 

40 . 00 

135 

8.77 

6.85 

12.60 

10.87 

136 

7.39 

6.30 

12.60 

10.00 

137 

8.08 

7.39 

15.87 

13.69 

160)Mediura 

54.76 

59.12 

59.12 

68.99 

164jCantrast 

54.76 

54*76 

63.49 

63.49 

L0»<  CONTRAST 

PRINTS 

No: 

With  Desk  Lamp 

At  Viewer 

49 

46.93 

50.39 

40 . 00 

40.00 

99 

40.00 

40.00 

37.25 

37.25 

100 

43 .46 

50.39 

40.00 

40.00 

101 

34.50 

37.25 

25.20 

25.20 

107 

34.50 

37.25 

25.20 

25.20 

111 

40.00 

40.00 

34.50 

40.00 

112 

50.39 

50.39 

31.75 

35.00 

113 

31.75 

31.75 

20.00 

23.47 

116 

31.75 

31.75 

20.00 

15.87 

175 

50.39 

50.39 

40.00 

40.00 

176 

43.46 

50.39 

31.75 

40.00 
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C . The  Effect  of  Filters  On  The  Heading  of  Resolution . 


It  was  considered  that  the  possibility  of  reducing  the 
glare  of  the  white  background  in  the  contact  prints 
might  result  in  better  resolution  readings.  The 
following  is  a summary  of  this  theory. 

1.  Conditions  and  Results: 

a)  Readings  were  made  under  conditions  outlined  in 

the  conclusion,  i.e.  without  a filter.  Resolu- 
tion readings:  79.99  1/mm 

b)  Conditions  as  in  conclusion  but  with  Vv'ratten 
filter  No:  CC34»  Glare  was  cut  dov/n  to  some 
extent,  making  the  reading  a little  more  rest- 
ful on  the  eyes.  The  amount  of  light  absorbed 
by  the  filter  was  negligible.  Resolution  was 
between  63 .49  and  79.99.  the  latter  value  not 
being  as  clearly  visible  as  in  case  one.  (a) 

c)  Conditions  as  in  conclusion  but  with  Vi  ratten 
filter  No:  CC44-  In  this  case  also,  glare  was 
cut  down  appreciably  making  it  more  restful  on 
the  eyes.  The  light  however  was  also  cut  down, 
resulting  in  a lowered  reading  equal  to  63.49 
1/mm. 

d)  Conditions  as  in  conclusion  but  with  Wratten 
filter  No:  78AA.  The  glare  in  this  case  was 
again  cut  down  considerably.  The  absorption 
of  the  light,  hov/ever,  was  also  cut  down  con- 
siderably, the  result  being  a reading  of  25.20 
1/mm. 

e)  The  abover  readings  were  made  by  three  observers. 

2 . Conclusions: 

It  has  therefore  been  decided  that  though  a filter 
would  have  value  cutting  down  the  glare  of  the  light, 
and  though,  as  in  the  case  of  filter  No:  CC34,  the 
amount  of  light  absorbed  was  negligible,  still  the 
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BASI  C 

LIGHT  COLLECTION 


EQU I PM  ENT 

LIGHT  PROJECTION 


VARIATIONS 


USE  OF  CONVEX  LENS  IN  DECREASE  IN  SLIT  WIDTH 

PATH  OF  REFLECTED  LIGHT 


CONVEX  LENS  COVERED  SLIT  REPLACED  BY i APERTURE 

EXCEPT  FOR  £ APERTURE 


highest  resolution  obtained  was  without  a filter, 
so  that  the  resulting  glare  will  be  neglected. 
Additional  Investigation  Into  the  Problem  Has  Been 
Made  as  Bellows : 

1.  Reproduction  of  typical  prints  from  Part  B on 
Matte  Paper 

2.  Prints  of  reproduction  of  original  on  matte 
and  glossy  (positive  prints  of  white  lines  on 
black  background.) 

3.  The  following  are  the  results, 
a)  Matte  Prints  from  Report  II: 


High  Contrast 

Reflection 

Transmission 

20.00  l/mm 

41.01  l/mm 

Medium 

Contrast 

Reflection 

Transmission 

57.52  l/mm 

52.50  1/rcm 

Results  of 

Prints  From  Reproduction 

(Glossy) 

High 

Contrast 

Reflection 

Transmission 

5.00  l/mm 

5.00  l/mm 

Low 

Contrast 

Reflection 

Transmission 

10.92  l/mm 

8.05  l/mm 

(Matte) 

Low 

Contrast 

Reflection 

Transmission 

8.59  l/mm 


7.83  l/mm 
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4*  'with  this  additional  investigation  the  following 

conclusions  are  drawn: 

a)  White  lines  on  dark  background  do  not  com- 
pensate for  the  difference  in  readings. 

b)  The  low  values  of  resolution  from  the  re- 
production (white  lines  on  dark  background) 
is  directly  attributed  to  the  following 
phenomenon.  When  viewing  these  prints 
through  a microscope  with  a magnification 
power  of  twenty  times  it  is  observable  that 
focusing  on  the  density  square  on  target  nB 11 
sharply  reproduces  the  surface  grain  of  the 
paper  which  is  now  more  visible  because  of 
the  density  deposit.  Focusing  on  the  density 
square  results  in  the  resolution  pattern 
being  out  of  focus.  This  effect  is  only  ob- 
servable in  the  case  of  matte  prints.  In  all 
the  cases  of  these  readings,  it  was  noted  that 
the  horizontal  target  immediately  following 
the  last  one  resolved  tended  to  have  the  effect 
of  being  eclipsed,  i.e.,  only  a segment  of 

the  line  was  visible  to  the  eye,  whereas,  in 
the  case  of  the  vertical  half,  all  three  lines 
were  visible  and  resolved.  The  readings  in 
every  case  show  higher  resolution  in  the  ver- 
tical lines  with  the  matte  reproduction  prints 
and  approximately  equal  resolution  between 
vertical  and  hori2-ontal  in  the  prints  of  the 
original  target. 

c)  With  the  elimination  of  all  evident  factors 
for  explaining  the  variance  of  resolution 
readings  by  transmission  and  reflection,  it 
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is  recommended  that  possibly  different 
criteria  should  be  set  up  for  determining 
resolution  on  paper. 

Standardized  Conditions: 

Since  tne  standard  method  of  viewing  prints  for 
resolution  is  by  reflection,  this  method  will  be 
used  in  this  case  with  the  following  conditions: 

1.  Fluorescent  desk  lamp  at  an  angle  of  approxi- 
mately 45°  and  a distance  no  greater  than  two 
inches  from  the  paper. 

2.  Magnification  will  be  twenty  times. 

a)  Eyepiece  = 10  times 

b)  Objective  = 2 times 

3.  Readings  to  be  done  in  the  afternoon  and/or 
morning  for  no  longer  than  one  hour  at  a time. 
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